INTRODUCTION The J o i n t European Torus (JET) i s t h e l a r g e s t p r o j e c t i n t h e f i e l d o f n u c l e a r f u s i o n r e s e a r c h o f t h e EAEC and i t i s f i n a n c e d and s t a f f e d by t h e c o u n t r i e s o f t h e EEC p l u s Sweden and S w i t z e r l a n d . JET i s a Tokamal. designed t o o p e r a t e w i t h plasmas approaching t h o s e needed f o r a f u s i o n r e a c t o r . The JET o p e r a t i o n s t a r t e d a s planned i n June 1983 and i s e x p e c t e d t o s t o p i n 1990. During t h i s p e r i o d , a d d i t i o n a l h e a t i n g
power u s i n g n e u t r a l beams and radio-frequency w i l l b e added. I n t h e l a t e r s t a g e s o f o p e r a t i o n Deuterium-Tritium plasmas w i l l be g e n e r a t e d s o t h a t f u s i o n r e a c t i o n s can o c c u r and t h e h e a t i n g e f f e c t o f t h e Cx p a r t i c l e s can b e s t u d i e d . / I / .
The main parameters o f t h e machine a r e given i n T a b l e I. The t o r o i a a l magnetic f i e l d (TF) i s g e n e r a t e d by 32 D shaped c o i l s which have no bending s t r e s s e s due t o t h e magnetic f i e l d . D e t a i l s of t h e TF c o i l s have a l r e a d y been r e p o r t e d /2, 3/. The p o l o i d a l f i e l d (PF) system i n c l u d e s t h e primary winding o r c o i l no 1 c l o s e t o t h e machine a x i s which i n d u c e s t h e c u r r e n t i n t h e plasma. The c o u p l i n g between primary and plasma i s improved by means of a t r a n s f o r m e r c o r e w i t h e i g h t r e t u r n limbs. The o t h e r PF c o i l s nos 2 , 3 and 4 c o n t r o l t h e plasma shape and p o s i t i o n . The TF c o i l s a r e one component o f t h e t o r o i d a l assembly which i n c l u d e s t h e mechanical s h e l l s t r u c t u r e which s u p p o r t s t h e c o i l s a g a i n s t e l e c t r o r .~e c h a n i c a l f o r c e s and t h e vacuum v e s s e l which c o n t a i n s t h e plasma. The t o r n i d n l assembly is s p l i t i n t o 8 i d e n t i c a l s e c t o r s o r o c t a n t s each comprising 4 TF c o i l s and one o c t a n t of t h e mechanical s t r u c t u r e and o f t h e vacuum v e s s e l .
Assembly s t a r t e d by f i t t i n g 1/2 o c t a n t o f t h e mechanical s t r u c t u r e i n t o a c r a d l e shaped j i g . Two TF c o i l s were t h e n lowered and locked i n p o s i t i o n i n grooves on t h e i n s i d e s u r f a c e of t h e s t r u c t u r e ( f i g u r e 1). T h i s u n i t , was t h e n l i f t e d , r o t a t e d t o an u p r i g h t p o s i t i o n and f i x e d on o n e s i d e o f t h e s l i d i n g t a b l e of t h e o c t a n t assembly f i x t u r e . T h i s procedure was r e p e a t e d f o r t h e o t h e r 1/2 o c t a n t .
The o c t a n t of t h e vacuum v e s s e l , was t h e n i n s e r t e d on t h e c e n t r a l s u p p o r t o f t h e assembly f i x t u r e , and t h e 2 o u t e r t a b l e s r o t a t e d s o t h a t t h e 1/2 o c t a n t s of t h e s t r u c t u r e and c o i l s e n c l o s e d t h e v e s s e l , ( f i g u r e 2 ) . The two 1/2 o c t a n t s were t h e n b o l t e d and keyed t o g e t h e r t o e n s u r e a s t r o n g s h e a r j o i n t . A u x i l i a r i e s such a s bus b a r s , w a t e r m a n i f o l d s , hoses and i n s t r u m e n t a t i o n were t h e n assembled.
A t t h e same t i m e , t h e magnetic c i r c u i t and t h e c e n t r a l p a r t of t h e mechanical s t r u c t u r e were b e i n g e r e c t e d i n t h e Torus H a l l . These p a r t s which i n c l u d e t h e lower and upper r i n g s and c o l l a r s and t h e i n n e r c y l i n d e r were o p t i c a l l y a l i g n e d a s t h e y a r e t h e mechanical r e f e r e n c e f o r t h e whole machine.
Each completed o c t a n t w e i g h t i n g 120 t o n s was t r a n s f e r r e d i n t o t h e Torus H a l l by means o f a l a r g e C-shaped frame a b l e
t o l i f t and h o l d t h e o c t a n t i n t h e u p r i g h t p o s i t i o n . The frame l i f t s an o c t a n t from t h e bottom and m a i n t a i n s i t i n an a c c u r a t e v e r t i c a l p o s i t i o n by means o f an a d j u s t a b l e r e s t r a i n i n g arm a t t h e t o p . The v e r t i c a l i t y of t h e c o i l s and t h e o c t a n t a s a whole h a s t o b e a c c u r a t e l y a d j u s t e d t o p e r m i t t h e i n s e r t i o n o f t h e o c t a n t i n t o i t s f i n a l p o s i t i o n ( f i g u r e 3 ) . The upper p a r t o f t h e C frame s t r u c t u r e w i t h t h e c r a n e hook attachment i s above t h e upper PF c o i l s t h u s a l l o w i n g t h e assembly o r d i s m a n t l i n g of an o c t a n t w i t h t h e PF c o i l s i n t h e i r parked p o s i t i o n .
The s t r a i g h t p a r t of e a c h TF c o i l f i t s i n t o a c y l i n d r i c a l groove on t h e inner. c y l i n d e r , s o t h a t each c o i l i s l o c a t e d and s u p p o r t e d . The c o i l s were i n i t i a l l y p r e s s e d mechanicalJy and t h e n m a g n e t i c a l l y u s i n g c u r r e n t s up t o 1 5 kA, a g a i n s t t h e i n n e r c y l i n d e r . I n t h i s way c e n t r e p e t a l f o r c e s o f 100 t o n s p e r TF c o i l were produced. A d d i t i o n a l shims which l o c a t e t h e c o i l s a l o n g t h e i r o u t e r c o n t o u r s were t h e n i n s e r t e d . The accuracy o f p o s i t i o n i n g i s about 0 . 4 mm f o r t h e s t r a i g h t p a r t and 1 mm f o r t h e o u t e r c o n t o u r . T h i s accuracy was n o t d i c t a t e d by f i e l d p e r t u r b a t i o n s o r a s s o c i a t e d f o r c e s b u t by a s s e n b l y r e q u i r e m e n t s .
I 1 -ASSEMBLY OF THE POLOIDAL FIELD COILS C o i l 1 c o n s i s t s o f 8 i d e n t i c a l sub c o i l s s t a c k e d v e r t i c a l l y a t t h e c e n t r e of t h e machine. A f t e r manufacture t h e c o i l s were s t a c k e d and shimmed u s i n g an epoxy p a s t e on t h e i r h o r i z o n t a l f a c e s t o g i v e good c o n t a c t and e n s u r e v e r t i c a l i t y . The 6 c e n t r a l c o i l s of t h e 8 were t h e n machined on t h e i r o u t s i d e d i a m e t e r on a v e r t i c a l a x i s l a t h e t o g i v e an a c c u r a t e s u r f a c e ( c y l i n d r i c a l w i t h i n 0 . 2 mm) f o r t h e i n n e r c y l i n d e r and TF c o i l s t o p r e s s a g a i n s t . A f t e r d e l i v e r y t h e 8 c o i l s were s t a c k e d i n t h e Assembly H a l l and d i m e n s i o n a l l y checked ( o u t e r s u r f a c e v e r t i c a l w i t h i n 0 . 5 mm) and b u s b a r s and w a t e r p i p e s were f i t t e d ( f i g u r e 4 ) . The complete s t a c k was t r a n s p o r t e d by c r a n e t o t h e Torus H a l l and i n s e r t e d i n t o t h e c e n t r e of t h e Tokamak. Type 2 c o i l s were completed a t t h e f a c t o r y r e a d y f o r assembly o n t o t h e Tokamak e x c e p t t h a t t h e lower c o i l had t o b e t u r n e d o v e r u s i n g a s p e c i a l l y d e s i g n e d t o o l .
Type 3 and 4 c o i l s were manufactured a s h a l f pancakes, preassembled a t t h e f a c t o r y , d i s m a n t l e d and d e l i v e r e d t o JET a s h a l f pancakes. The pancakes were s t a c k e d on an alignment t o o l i n t h e Assembly H a l l , c o a t i n g t h e mating s u r f a c e s w i t h epoxy r e s i n and a p o l y e s t e r o r g l a s s wool mat. When s t a c k i n g was complete, t h e pancakes were clamped and t h e epoxy r e s i n allowed t o c u r e a t room t e m p e r a t u r e . A f t e r completion o f w a t e r m a n i f o l d s and c o n n e c t i o n s t h e c o i l was h e a t e d , by c i r c u l a t i n g h o t w a t e r , a t 60 OC f o r 24 h o u r s , t o complete c u r i n g o f t h e pancake a d h e s i v e . The pancakes w e r e a l i g n e d w i t h i n + o r -2 . 5 mn o f nominal r a d i u s and c o i l mounting p l a t e s were p o s i t i o n e d w i t h i n + o r -0 . 5 mm. To move t h e s e c o i l s t h e JET c r a n e i s equipped w i t h 4 s e p a r a t e r o p e s which f i t i n t o s p e c i a l l i f t i n g p o i n t s spaced around t h e c o i l p e r i p h e r y . The c o i l s were moved t o t h e Torus H a l l u s i n g t h i s 4 rope l i f t , which can a l s o be used f o r r a i s i n g and l o w e r i n g t h e c o i l s f o r maintenance o p e r a t i o n s on t h e Tokamak.
I 1 1 -COMMISSIONING For t h e t e s t s , of t h e TF magnet t h e c u r r e n t was p r o g r e s s i v e l y i n c r e a s e d up t o 25 kA u s i n g a r e c t i f i e r u n i t f e d d i r e c t l y from t h e mains, t h e n up t o 40 kA u s i n g t h e TF flywheel g e n e r a t o r . A t t h i s c u r r e n t l e v e l each c o i l i s p r e s s e d towards t h e a x i s of t h e machine w i t h a f o r c e o f 700 t o n s and an energy o f 1 . 2 GJ i s d e l i v e r e d d u r i n g a s i n g l e p u l s e t o t h e magnet, c a u s i n g a t e m p e r a t u r e r i s e of 1 5 OC a l o n g t h e narrow s t r a i g h t nose o f t h e c o i l s . The c o o l i n g w a t e r t e m p e r a t u r e peaks approximately one minute a f t e r t h e s t a r t o f t h e p u l s e and r e t u r n s t o i t s average l e v e l w i t h i n 3 minutes. The c o i l expansion h a s been measured i n t h e v e r t i c a l and r a d i a l d i r e c t i o n s and conforms t o c a l c u l a t e d v a l u e s c o n f i r m i n g t h a t bending s t r e s s e s a r e e f f e c t i v e l y e l i m i n a t e d by t h e D shape. During t h e s e t e s t s t h e c o i l s were p r o t e c t e d a g a i n s t e a r t h f a u l t s by a n e a r t h l e a k a g e d e t e c t o r , and a g a i n s t i n t e r n a l s h o r t c i r c u i t by a system which compares t h e v o l t a g e o f a d j a c e n t c o i l s .
The PF c o i l s were t e s t e d a t 45 kV t o e a r t h and a t i n t e r t u r n v o l t a g e s between 565 and 2800 v o l t s / t u r n . The i n t e r t u r n t e s t was made by d i s c h a r g i n g a 45 VF c a p a c i t o r i n t o t h e c o i l . The ground i n s u l a t i o n t e s t s w i l l b e r e p e a t e d a f t e r t h e c o i l s have been f i l l e d w i t h w a t e r .
The PF c o i l s have been t e s t e d (and used f o r plasma p r o d u c t i o n ) connected t o t h e main power s u p p l y a t up t o h a l f t h e maximum c u r r e n t i n c o i l 1 and a t r e l a t i v e l y low c u r r e n t i n t h e o u t e r c o i l s w i t h o u t w a t e r c o o l i n g and w i t h o u t complete i n s t r um e n t a t i o n . These t e s t s showed f i e l d c o n f i g u r a t i o n s i n agreement w i t h computations.
When t h e c o i l s a r e f i n a l l y t e s t e d a t f u l l power t h e f o l l o w i n g w i l l be measuredv o l t a g e , c u r r e n t , ampere t u r n s , f l u x , f o r c e s , s t r e s s e s , d i s p l a c e m e n t s and temperat u r e -a t o t a l o f 250 measurement c h a n n e l s . The c o i l s w i l l a l s o have a s h o r t c i r c u i t d e t e c t o r which compares ampere t u r n s i n s i m i l a r c o i l s .
IV -COMBINED TESTS AND FIRST PLASMAS
Combined t e s t s o f t o r o i d a l and p o l o i d a l f i e l d s , which g i v e r i s e t o t w i s t i n g moments on t h e TF c o i l s , have o n l y been c a r r i e d o u t a t low l e v e l due t o t h e l i m i t e d time a v a i l a b l e i n t h e e a r l y commissioning phase. A t t h e s e l e v e l s (2000 ton-meters, i . e . 1/10 of t h e maximum expected) t h e o v e r a l l t w i s t i n g motion o f t h e machine i s i n accordance w i t h c a l c u l a t i o n s .
On 25-26 June 1983 t h e f i r s t plasma d i s c h a r g e s were g e n e r a t e d and peak plasma c u r r e n t s o f 100 kA o f d u r a t i o n 100 m s were measured. O p t i m i z a t i o n o f plasma c o n t r o l parameters and improvements o f t h e vacuum v e s s e l i n t e r n a l w a l l c o n d i t i o n i n g l e d t o d i s c h a r g e s w i t h c u r r e n t s up t o 230 kA on 9 J u l y and 600 kA on 26 J u l y . F i g . 1 Assembly o f a TF c o i l i n F i g . 2 O c t a n t under c o n s t r u c t i o n . The t h e mechanical s t r u c t u r e .
h a l f o c t a n t s a r e now ready t o be c l o s e d around t h e vacuum v e s s e l i n t h e middle.
F i g . 3 T r a n s f e r of a completed o c t a n t . The The JET machine. machine u s i n g t h e 4 rope f e a t u r e o f t h e c r a n e . A v e r t i c a l limb o f t h e magnetic c i r c u i t is i n t h e foreground.
